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calcium-handling proteins and other protein related to the sarcomere (Ferrantini et al., 2009; 49 Lehrer and Geeves, 2014). To date, 20 genes with over 400 missense mutations have been 50 identified in human beings; some of these mutations have strong evidence for pathogenicity, 51 while others have less evidence (Ferrantini et al., 2009; Tian et al., 2013; Marsiglia and Pereira, 52 2014).
54
In cats, two single nucleotide substitutions in the myosin-binding protein C gene have 55 been identified, but the broad genetic spectrum in human beings suggests that many sarcomeric 56 genes could also be implicated for cats (Wess et al., 2010) . In both species, there is marked 57 phenotypic heterogeneity and LV hypertrophy can be global or regional. Papillary muscle 58 hypertrophy, systolic anterior motion of the mitral valve and/ or left atrial dilatation have also 59 been identified (Liu et al., 1981; Kittleson et al., 1999; Fox, 2003) . In cats, the functional 60 implications of this pathology include diastolic dysfunction that can result in congestive heart 61 failure, systemic thromboembolism and fatal arrhythmias (Fox et al., 1995) .
63
In human beings, the mechanism by which the genetic mutation in the sarcomere 64 translates to the phenotype remains poorly understood. Direct investigation of the effect of the 65 HCM sarcomeric mutation is difficult because human tissue is limited to autopsy samples of 66 patients with terminal disease, small biopsy samples, or myectomised tissue from patients with spontaneously terminal disease (Liu et al., 1981 (Liu et al., , 1993 Fox et al., 1995; Kittleson et al., 1999) .
76
As in human beings, a post-mortem diagnosis of feline HCM is based on the 77 identification of a hypertrophied, non-dilated LV and an increase in absolute and relative heart 78 weight (Liu et al., 1993) . Histological changes of LV myocardial tissue stained with 79 haematoxylin and eosin (H&E) include myocardial fibre disarray, intramural coronary 80 arteriosclerosis and myocardial fibrosis (Liu et al., 1981 (Liu et al., , 1993 Kittleson et al., 1999; Fox, 2003 
Normal cats

100
Cats were identified as normal if the following criteria were met: (1) physical 101 examination was unremarkable, they were well hydrated and had a body condition score of 3-5/5 102 (Laflamme, 1997); (2) thoracic auscultation identified a regular heart rhythm and no heart 103 murmur; (3) six-lead electrocardiogram identified normal sinus rhythm or sinus tachycardia with 104 a mean electrical axis between -10° and +140° (Harvey et al., 2005) ; and (4) echocardiography 105 identified LV wall symmetry from the right parasternal short-axis view by continuous base-to-106 apical sweep with LV free wall (LVFWd) and interventricular septal wall (IVSd) dimensions 107 during diastole of <5.5 mm (Fox et al., 1995) , left atrial (LA) to aortic (Ao) root ratio (LA:Ao) < Dimensional measurements of the LV were made from a right parasternal short axis view
135
( Thomas et al., 1993) at the level of the papillary muscles from two-dimensional short-axis
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Page 7 of 28 8 images using the leading-edge method (Sahn et al., 1978) and included IVSd and LVFWd and 137 the internal diameter of the LV in diastole and systole (LVIDd and LVIDs, respectively).
138
Calipers were positioned at the onset of the QRS complex on the simultaneously recorded ECG 139 for determination of diastolic measurements. Systolic measurements were made from the frame 140 with smallest chamber dimension immediately preceding ventricular expansion.
142
Using a modification of a previously described technique (Rishniw and Erb, 2000) , LA Injection, Virbac) and heparin was administered (320 IU/kg IV) to prevent thrombosis. Right 172 thoracotomy was immediately performed and the heart was excised from the mediastinum, and 173 peripheral fat and loose connective tissue were removed. The wet heart weight was recorded, 174 then the LV was excised, weighed and fixed in 10% neutral buffered formalin.
176
Full thickness tissue sections of the LV were taken perpendicular to the long axis of the 177 LV from: (1) the IVS at the point of maximal thickness, and (2) the posterior LVFW about one-178 half the distance between the mitral valve annulus and the LV apex. These sections were 179 dehydrated in graded ethanol series, embedded in paraffin wax and processed for histopathology.
180
Sections with a thickness of 10 µm for picrosirius red staining, and 6 µm for H&E and Leder
181
(chloroacetate esterase) staining, were mounted onto slides. and interquartile ranges (IQR), since the data were not normally distributed. Wilcoxon's rank 225 sum test was used to identify differences between the two groups. P values < 0.05 were 226 considered to be statistically significant. 
Results
229
Animals
230
Normal cats -Eleven cats (seven males and four females) were identified as normal for 231 inclusion in the study. Age was unknown, but all appeared to be young adults (n = 4) or middle-232 aged (n = 7). Breeds represented included Domestic short hair (n = 10) and Domestic longhair (n 233 = 1). The median interventricular septum and left ventricular free wall thicknesses at diastole 234 were 4.1 mm (IQR 3.6-4.75 mm) and 4.1 mm (IQR 3.8-4.9 mm), respectively. 
Gross pathology
255
Normal cats and cats with pre-clinical HCM had similar bodyweights (BWs), total wet 256 heart weights and LV weights ( Table 2 ). Heart weight:BW ratio and LV:total heart weight ratio 257 did not differ between normal cats and cats with pre-clinical HCM (P > 0.05). (Fig. 2) . The free wall and interventricular septum were both affected in 272 2/6 cats. All affected tissues had mid-myocardial inflammatory cell aggregates; in cases where both the free wall and interventricular septum were affected, the free wall also had sub-epicardial 274 aggregates. Up to 10% of the tissue in the section was affected. Mild to moderate mural 275 hypertrophy of small arterioles (up to ~290 µm in diameter) was identified in all cats with HCM 276 but no intraluminal thrombi were identified (Fig. 3) . In the septum and free wall of 5/6 cats with 277 pre-clinical disease, there were small multifocal areas where the interstitium was minimally 278 expanded by fibroplasia. 
Quantification of neutrophils
285
Neutrophils were identified in the LV myocardium from 3/11 normal cats and all six cats 286 with pre-clinical HCM (Fig. 6) . Tissue from cats with pre-clinical HCM (P < 0.01) had 287 comparably increased neutrophil counts relative to tissue from normal cats (Fig. 7) . In the present study, heart weight lacked sensitivity as an absolute criterion for the post- consistent with a diagnosis of HCM (Liu et al., 1981; Fox, 2003) . However, in the cats in this 361 study with mild pre-clinical HCM, characterised by mild LV hypertrophy and normal left atrial 362 size, the gross heart weight was similar to normal cats. This is likely to reflect the greater Cecchi, F., Sgalambro, A., Baldi, M., Sotgia, B., Antoniucci, D., Camici, P.G., Sciagra, R., 
